NIH/3T3 cells have been widely used for the study of activated oncogenes in DNA derived from neoplastic tissue because this mouse fibroblast line is both an efficient recipient for DNA transfection and is susceptible to full transformation by a single activated oncogene, producing foci of transformed cells which can be detected directly by inspection of monolayer cultures (Goldfarb et al., 1982; Krontiris & Cooper, 1981; Land et al., 1983; Shih et al., 1981) . However, the popularity of NIH/3T3 cells has been tempered by their variable rate of spontaneous transformation, which has led to a search for alternative recipient cells for the analysis of activated oncogenes by focus assay (Liboi et al., 1984) and the development of alternative assays, such as tumorigenesis in the nude mouse following cotransfection with a dominant selectable marker such as the neo gene .
The focus assay nevertheless has several potential advantages which, if it can be made reliable, would make it at least complementary to the cotransfection/nude mouse tumorigenicity assay. From a practical standpoint, an initial positive result is obtained more quickly (in 2 weeks, rather than 4-6 weeks for cotransfection and tumour growth in nude mice) and without the expense and possible inconvenience of using experimental animals. Since the focus assay depends on differential growth characteristics of the transformed cell, it produces a direct selection for the transformed phenotype which is maintained from the outset, and avoids the risk of losing the transforming sequence which might occur when selection is applied only for a cotransfected drug resistance gene.
The focus assay also allows for the possibility of cooperative intercellular effects from the majority, untransformed, population which may support the initial growth of the transformants; in the cotransfection procedure, these cells are killed from the outset, requiring the transformants to grow from very low density clones.
Picking individual foci in the simple focus assay allows the investigator to test in vitro parameters of transformation such as reduction in growth factor requirement and growth in soft agar while also growing up cells to mass culture for tumorigenicity testing and for DNA extraction if necessary. Cotransfection followed by injection of all surviving cells is essentially an all-or-none approach since no information can be retrieved if no tumour develops.
We therefore considered that the unique features of the focus assay justified its further study. Since, apart from the particular culture history of the subclone of NIH/3T3 cells used and batch to batch variations in the quality of serum (Balmain & Pragnell, 1983) , little firm data existed on the source of variability in the standard NIH/3T3 assay, we set out to investigate systematically the optimum conditions. Spontaneous transformation is a greater problem in cultures grown at high cell density, and so our experiments used cultures initially seeded at relatively high density to ensure that any corrective measures were effective even under the most adverse conditions. The modifications to the assay were then applied to cultures with a lower initial seeding density, which are known to be more appropriate for the detection of transforming activity (Spandidos, 1986 DNA isolation Plasmid pSV2neoEJ consists of a 6.6 kb fragment of genomic DNA containing the activated Ha-ras from the EJ/T24 human bladder carcinoma cell line (Shih & Weinberg, 1982) cloned into the BamHl site downstream from the neo gene (which confers resistance to G418 in eukaryotes) and SV40 early region enhancer/promotor of pSV2neo (Southern & Berg, 1982) . Plasmid DNA was purified from Triton X-100 lysates by caesium chloride gradient ultracentrifugation (Dillon, Bezanson & Young, 1985) .
Carrier DNA was extracted from normal human leucocytes by the method of Kaiser and Murray (1983) On day 2, the dishes were refed with fresh growth medium (either DMEM or DMEM/F-12 or SF-12) with 10% calf serum 6 h before transfection. The calcium phosphate-DNA coprecipitate was prepared as follows: for each 90 mm dish, 0.1-1.0,g closed circular plasmid DNA with carrier DNA to a total of 20 Mg was diluted to 0.4 ml of 25 mM HEPES with 0.1 ml 1.25 M CaCl2 and swirled to mix. This mixture was then added dropwise to 0.5 ml of HEPES-buffered saline (280mM NaCl, 50mM HEPES, 1.5 mm sodium phosphate, pH adjusted to 7.10) with gentle bubbling of a stream of air via a plastic pipette to ensure even mixing. The suspension was left undisturbed for 30 min at room temperature, and then 1 ml (20 Mg DNA) was added to each 90 mm dish.
The dishes were incubated at 370C for 16 h, when the suspension was removed and the dishes washed twice with Tris-buffered saline (20mM Tris-HCI pH 7.4, 137 mM NaCI, 5 mM KCI) Fresh growth medium (either DMEM or DMEM/F-12 or SF-12) with 10% calf serum was added and incubation continued for a further 24 h, when the medium was replaced with growth medium (DMEM or DMEM/F-12 or SF-12) supplemented with calf serum at concentrations ranging from 2% to 20% (see below).
The dishes were refed with fresh medium either every 3 days as in most previous studies using the focus induction assay (Albino et al., 1984; Copeland et al., 1979; Fukui et al., 1985; Gambke et al., 1984; Perucho et al., 1981; Pulciano et al., 1982a, b; Shimuzu et al., 1985; Takahashi et al., 1985) , or every day. A pilot study showed that there was no significant difference between regimes of 3 days interval and 2 days interval.
Foci were scored at 21 days after transfection.
Frequency of spontaneous transformation In cultures treated by mock transfection with calcium phosphate coprecipitate containing no DNA and maintained in the standard conditions (5% calf serum, 3 day refeeding interval) for 21 days an unacceptable frequency of spontaneous transformants was noted ( Table I) . As expected, the problem was of greater magnitude in 'high-density' cultures, but also significant in the dishes seeded initially with 1 x 105 cells. In addition, the background monolayer became fragile and ragged (particularly in Nunc dishes) with cycles of cell death, most marked immediately before refeeding, followed by rapid regrowth after addition of fresh medium. The fluctuation in growth factor concentration over 3 day cycles favours the emergence of spontaneous foci of cells with a pseudotransformed morphology. We attempted to overcome the problem by varying four parameters: (i) Serum concentration Concentrations of less than 5% calf serum could not support a confluent monolayer, while increase of the concentration above 5% merely produced an increase in cell density and a higher incidence of spontaneous transformations. With concentrations above 10% calf serum the majority of cells showed a pseudotransformed morphology (Table I) . (ii) Refeeding interval To test the hypothesis that the generation of spontaneous 'pseudotransformed' foci was the result of wide fluctuations in growth factor concentrations, the refeeding interval was shortened from 3 days to 1 day, which would be expected to smooth the peaks and troughs of labile growth factor concentration. The result was a dramatic improvement in the quality of the backgriund with 5% calf serum: a quiescent flat monolayer without spontaneous foci even at 21 days was reproducibly obtained, regardless of the batch of serum used (Table II) . (iii) Growth medium Because of the variety of growth media employed for the focus assay in different laboratories, we tested the effect of medium composition in our experiments. A significant difference was noted between dishes maintained in DMEM/F-12 or SF-12 and those maintained in DMEM. With the standard 3 day refeeding regime DMEM produced a higher population density and more spontaneous foci than DMEM/F-12 or SF-12; with the 1 day regime, spontaneous foci were not seen in any growth medium (Table II) . (iv) Plastic surface We tested the influence of two widely-used brands of tissue culture dishes (Nunc dishes from Gibco, Falcon from Becton Dickinson) and found that the frequency of spontaneous foci was similar for each brand when cells were seeded at 'high density', but somewhat lower in Falcon dishes when cells were seeded at the 'low density' commonly used for the focus induction assay (Table II) .
Efficiency of the focus assay Having optimised conditions to produce a minimum false positive rate (even under the adverse conditions of high initial seeding density), we then tested the sensitivity of the modified assay for detection of activated Ha-ras. Table III summarises the influence of the tested variables on the frequency of ras-transformed foci at 21 days.
The foci appeared on day 9 after transfection when DMEM/F-12 or SF-12 growth media were used, but not until day 14 with DMEM. The induced foci had the typical morphology of ras-transformants in all media tested, consisting of refractile cells growing at high density in a criss-cross arrangement with a notable proportion of giant cells.
The transformation efficiency of pSv2neoEJ is maximum in the modified assay conditions, reaching a peak of 1,670 foci yg-' when 0.1 Mg of plasmid was transfected into each 1 x 105 cells in Falcon dishes in SF-12 medium changed every day. This calculated value is similar to that reported with cloned Ha-ras-1 gene by other workers (Goldfarb et al., 1982; Shih & Weinberg, 1982 The effect of medium composition on the behaviour of the focus induction assay is striking; each medium tested in this study is used for the culture of fibroblast lines in various laboratories (Balmain & Pragnell, 1983; Brooks et al., 1983; Fukui et al., 1985; Perucho et al., 1981; Pulciano et al., 1982a; Shimuzu et al., 1985) . The effects noted in our work may help to explain the differences in transforming potential in the focus assay performed by various investigators using different media. The better results obtained with SF-12 or DMEM/F-12 compared to DMEM suggest that the former media are most suitable for the NIH/3T3 assay. The critical factor present in SF-12 and DMEM/F-12 is unknown, but both contain various non-essential amino acids and fatty acids which are components not present in DMEM, and DMEM/F-12 has been noted as particularly effective for maximising fibroblast growth rate (Brooks et al., 1983) .
Our results show that the quality of plastic dishes exerts an influence on the results of the focus assay; Falcon dishes appear superior in that the background monolayer is more homogeneous, and the sensitivity of detection of rastransformants is slightly greater than with Nunc dishes. It is well known that the surface for attachment affects the growth of different cell populations (Grinnell et al., 1972) but the mechanism of the effect is not clear.
In summary, we have demonstrated that the standard NIH/3T3 focus induction assay can be substantially improved by the simple manoeuvre of shortening the refeeding interval. We would also suggest that special care should be taken with choice of plastic ware and growth medium for best results. This study was supported by a grant from the Cancer Research Campaign of Great Britain.
